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摘 要 
研究背景 
胆结石（Cholecystolithiasis）是世界范围的一种重要公共健康问题。近来年，
随着人民生活水平的提高，饮食结构和行为生活方式的改变，我国人群的胆石症
（尤其是胆囊胆固醇结石）发病率日趋增加。胆囊胆固醇结石的发生、发展与遗
传、环境因素及体内激素（雌激素、瘦素等）水平等密切相关。环境中持久性有
机污染物，如有机氯农药（Organic chlorinated pesticides, OCPs）滴滴涕 （dic
hlorodiphenyltrichloroethane, DDTs）和六六六（hexachlorocyclohexa-aeisomers, 
HCHs）等具有较为肯定的类雌激素活性效应，且研究表明有机氯农药类物质能
影响脂肪细胞瘦素表达，而瘦素基因（LEP）启动子区 2548 位点 G>A 变异可从
转录水平改变基因转录速率，同样能影响脂肪细胞瘦素分泌。加之大量人群和动
物研究表明胆囊胆固醇结石同体内瘦素水平密切相关，那么能干扰体内瘦素分泌
水平的遗传或环境因素均可能影响胆固醇结石的患病风险并有可能成为我们深
入了解胆囊胆固醇结石患病机制的契机。因此，基于上述理由，本研究采用 1∶
2 配对病例对照研究方法，从遗传与环境因素交互作用的角度，结合问卷调查信
息，探究有机氯农药暴露和瘦素基因 G2548A 位点多态性与胆囊胆固醇结石患病
风险的关系。 
研究目的 
评估 LEP G2548A 位点多态性及相关因素与胆囊胆固醇结石患病风险关系；
比较 8 种有机氯农药 DDTs、HCHs 同系物暴露水平并进行胆囊胆固醇结石患病
风险评估；全面探讨 LEP G2548A 位点多态性与 8 种有机氯农药 DDTs、HCHs
同系物暴露的交互作用对胆囊胆固醇结石发生的影响，以期加强对胆囊胆固醇结
石发病机制的认识，为预测和预防胆囊胆固醇结石的发生提供数据支持和理论依
据。 
研究内容和方法 
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1. 依据纳入排除标准，选取 2015 年 3 月至 2016 年 2 月期间在厦门市第二
医院外科及体检科就医者 600 例，病例与对照按照性别、年龄进行 1:2 配比。采
用调查问卷收集研究对象相关信息；所有研究对象均于清晨空腹抽取肘静脉血作
基因多态性、血清瘦素水平的检测；所有病例于胆囊切除术后留取结石进行成分
定性。检测数据结合问卷信息，采用多因素条件 Logistic 回归模型探讨 LEP 
G2548A 位点多态性及相关因素对胆囊胆固醇结石患病风险的影响。 
2. 在第一章研究的基础上，采用气相色谱联用电子捕获(GC-ECD)及相关前
处理技术检测研究对象外周血清中痕量有机氯农药及其衍生物残留水平；采用向
前逐步选择法作多因素条件 Logistic 回归，评估有机氯农药暴露对胆囊胆固醇结
石患病风险的影响。  
3. 在前两章研究的基础上，采用多因子降维法（MDR）结合 logistic 回归模
型探讨 LEP G2548A 位点多态性、有机氯农药暴露交互作用与胆囊胆固醇结石易
感性关系。 
研究结果 
1. LEP G2548A 位点多态性及相关因素对胆囊胆固醇结石影响研究：（1）单
因素条件 Logistic 回归结果显示，BMI；SBP；DBP；血清瘦素水平、饮茶习惯、
吸烟、坚持体育锻炼习惯和油腻饮食摄入频率在两组间分布差异有统计学意义
（P<0.1），胆结石家族史在两组间差异接近有统计学意义（P=0.105）。（2）通过
HRM 基因溶解分型，共得到 LEP G2548A 位点３种基因型，分别为野生型 GG
（52），突变杂合型 GA（192）和突变纯合型 AA（356）。不同基因型携带者的
血清瘦素水平有所不同，AA 基因型携带者血清瘦素水平高于 GA\GG 基因型携
带者，差异有统计学意义（H=6.83, P<0.05）。（3）多因素回归模型结果显示，高
SBP（OR=1.927，95%CI：1.140~3.255）、血清高瘦素水平（OR=5.012，95%CI：
3.248~7.734）、吸烟（OR=1.717，95%CI：1.006~2.928）、有胆结石家族史
（OR=2.984，95%CI：1.329~6.700）以及 LEP G2548A 位点 AA 基因型（OR=2.292，
95%CI：1.012~5.193）是胆囊胆固醇结石发生的易感因素，而坚持体育锻炼
（OR=0.591，95%CI：0.395~0.882）和饮浓茶习惯（OR=0.552，95%CI：0.336~0.907）
是胆囊胆固醇结石发生的保护因素。 
2. 胆囊胆固醇结石患者环境雌激素（DDTs 和 HCHs）暴露水平及风险评估：
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（1）两组血清均检测出 8 种 HCHs 和 DDTs 同系物，其中 α-HCH、γ-HCH 以及
p,p’-DDT 在两组间检出水平差异有统计学意义（P<0.05）。（2）对两组血清 8 种
HCHs 和 DDTs 同系物进行 Spearman 秩相关分析，血清中-HCH 分别与 β-HCH
（r=0.085，P＜0.05）、-HCH（r=0.196，P＜0.01）、-HCH（r=0.137，P＜0.05）
呈正相关；β-HCH 分别与-HCH （r=0.315，P＜0.01）、-HCH（r=0.086，P＜0.
05）呈正相关；-HCH 与-HCH 呈正相关（r=0.165，P＜0.05）；p,p’-DDT 与 o,
p’-DDT（r=-0.114，P＜0.01）、p,p’-DDE（r=-0.139，P＜0.01）呈负相关；o,p’-
DDT 与 o,p’-DDE 呈负相关（r=-0.104，P＜0.05）。（3）多因素条件 logistic 回归
模型结果显示，血清高 β-HCH（OR=1.260, 95%C1: 1.119-1.418）、δ-HCH（OR
=1.096, 95%CI: 1.001-1.201）和 p,p’-DDT（OR=2.651, 95%C1: 1.702-4.129）暴
露可能增加胆囊胆固醇结石的患病风险。 
3. LEP G2548A 位点多态性、环境雌激素（DDTs 和 HCHs）交互作用与胆
囊胆固醇结石易感性研究：（1）多元线性回归结果显示，血清 α-HCH 与 β-HCH
暴露与血清瘦素水平相关，并且随着这二者浓度的升高，血清瘦素水平呈现增长
的趋势（P<0.1）。（2）采用多因子降维法（MDR）评估基因-环境间交互作用，
结果显示：LEP G2548A 位点 AA 基因型 - γ-HCH - p,p’-DDT - o,p’-DDT - p,
p’-DDE - o,p’-DDE 六因子最优交互作用模型的“高危”人群是非上述组合的“低
危”人群胆固醇结石发病风险的 8.554 倍（95%CI：5.647~12.958），差异有统计学
意义（P<0.001）。（3）进一步采用 logistic 回归模型评估基因-环境交互作用对
胆囊胆固醇结石患病风险。结果显示，携带 AA 基因型的血清 p,p’-DDE 高暴露
者患病风险是携带 GA/GG 基因型的血清 p,p’-DDE 低暴露者的 2.645 倍（95%CI：
1.582~4.422），存在基于相乘模型的差异有统计学意义的正交互作用（P<0.01）；
携带AA基因型的血清 o,p’-DDT高暴露者患病风险是携带GA/GG基因型的血清
o,p’-DDT 低暴露者的 4.552 倍（95%CI：2.451~8.453），存在基于相乘模型的差
异有统计学意义的负交互作用（P<0.01）。 
研究结论 
1. LEP 启动子区第 2548 位 G>A 多态性可能从转录水平影响了瘦素基因的
表达及循环瘦素的水平，促进胆囊胆固醇结石的发生，从而使 AA 基因型携带
者对胆固醇结石易感。 
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2. 8 种 HCHs 与 DDTs 同系物在病例组与对照组血清中均有检出，且检出水
平远高于欧美国家，表明目前厦门地区人群体内仍然存在有较高水平的机氯农药
残留。 
3. 血清高水平 p,p’-DDT、β-HCH 以及 δ-HCH 暴露可能是胆固醇结石发生重
要的独立危险因素。 
4. 携带 LEP G2548A位点AA突变纯合型及高水平 OCPs 暴露个体属胆囊胆
固醇结石高危险人群，两者间存在基于相乘模型的交互作用能放大患病风险，应
在胆囊胆固醇结石防治方案中加以重视。 
关键词：单核苷酸多态性  胆囊胆固醇结石  交互作用  瘦素基因  有机氯农药 
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Abstract 
Background 
Cholecystolithiasis is a common digestive system and is an important public 
health problem worldwide. In recent years, with the improvement of people's living 
standards, diet and life behavior changes, the incidence of cholecystolithiasis 
(especially cholesterol gallstone) in our population is increasing. The occurrence and 
development of cholesterol gallstone is closely related to heredity, environmental 
factors and levels of hormones (estrogen, leptin, etc.). Persistent organochlorine 
pollutants in the environment, such as organochlorine pesticides (OCPs) DDTs and 
HCHs, interfere with the normal process of estrogen metabolism and function. In 
addition, studies have shown that OCPs can also affect the expression of leptin in 
adipocytes, whereas the G>A mutation in the 2548 locus of the leptin gene promoter 
region can change the gene transcription rate from the transcriptional level and also 
affect the secretion of leptin in adipocytes. Coupled with a large number of population 
and animal studies have shown that cholesterol gallstone is closely related to the level 
of leptin in the body, then any can interfere with the level of body leptin secretion of 
genetic or environmental factors may affect the risk of cholesterol gallstone and may 
be an opportunity for us to understand the pathogenesis of cholesterol gallstone 
disease. Therefore, based on the above reasons, this study used 1:2 matched 
case-control study method, from the perspective of environmental and genetic factors,  
and combined with the questionnaire survey information to explore whether the 
interaction of gene-OCPs were associated with cholesterol gallstone. 
Objectives 
To evaluate the relationship between SNP of G2548A gene and related factors 
and the risk of gallstone cholesterol; To compare the exposure levels of 8 OCPs DDTs 
and HCHs homologues and to assess the risk of gallstone cholesterol; Comprehensive 
study of interactions between leptin gene G2548A polymorphism and 8 OCPs DDTs 
and HCHs homologues exposure effect on cholesterol gallstone occurrence, in order 
to strengthen the understanding of the pathogenesis of gallstone, provide data support 
and theoretical basis for the prediction and prevention of cholesterol gallstone. 
Methods 
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1. According to the inclusion of exclusion criteria, selected from March 2015 to 
February 2016 in Xiamen City, the second hospital surgical and physical examination 
section of 600 patients. Cases and controls were matched by gender and age for 1:2. 
Using the questionnaire to collect the survey of the general situation, lifestyle and 
eating habits. All subjects were fasting venous blood for gene polymorphism, serum 
leptin level. All cases were qualitative components of the stones after cholecystectomy. 
The multivariate conditional logistic regression model was used to investigate the 
effect of G2548A polymorphism of leptin gene and the related factors on the risk of 
cholesterol gallstone. 
2. Based on the first chapter, the levels of trace OCPs and their derivatives were 
measured by gas chromatography (GC-ECD) and related pre-treatment. Multivariate 
conditional logistic regression was used to assess the effect of OCPs exposure on the 
risk of gallstone cholesterol. 
3. On the basis of the first two chapters, multi factor dimensionality reduction 
method (MDR) combined with logistic regression model was used to study the 
relationship between the interaction of the OCPs exposure and polymorphism of 
G2548A gene with the susceptibility of cholesterol gallstone. 
Results 
1. (1) Single factor conditional Logistic regression showed that BMI; SBP; DBP; 
serum leptin level, drinking habits, smoking, exercise habits and eating greasy intake 
frequency in the two groups had significant differences (P<0.1), family history of 
gallstones between the two groups almost had statistical significance (P=0.105). (2)  
The leptin gene G2548A locus Genotype GG (52), mutant heterozygous GA (192) and 
mutant homozygous AA (356) were obtained by genotyping by HRM genotyping. The 
level of serum leptin in different genotype carriers was different, and the level of 
leptin in AA genotype carriers was higher than that in GA / GG genotype carriers (H = 
6.83, P<0.05). (3) Multivariate regression model showed that high SBP (OR=1.927, 
95%CI:1.140~3.255), high serum leptin levels (OR=5.012, 95%CI:3.248~7.734), 
smoking (OR=1.717, 95%CI:1.006~2.928), family history of gallstone (OR=2.984, 
95%CI:1.329~6.700) and leptin gene G2548A locus AA genotype (OR=2.292, 
95%CI:1.012~5.193) are susceptible to gallstone occurrence factors, and insist on 
physical exercise and drink (OR=0.591, 95%CI:0.395~0.882) tea habit (OR=0.552, 
95%CI:0.336~0.907) are protective factor for occurrence of cholesterol gallstone.    
2. (1) Eight kinds of HCHs and DDTs homologues were detected in both groups. 
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The difference of α-HCH, γ-HCH and p, p'-DDT between the two groups was 
statistically significant (P<0.05). (2) The Sperarman correlation analysis was 
performed both serum DDTs and HCHs of two groups. In serum, α-HCH shows 
positive correlation withβ-HCH, γ-HCH and δ-HCH. β-HCH shows positive 
correlation withγ-HCH and δ-HCH. γ-HCH shows positive correlation with δ-HCH; 
ρρ-DDT shows negative correlation with ορ-DDT and ρρ-DDE. ορ-DDT shows 
negative correlation with ορ-DDE. (3) Multivariate conditional logistic regression 
model results show that serum β-HCH (OR=1.260 95%C1: 1.119-1.418), δ-HCH 
(OR=1.096, 95%CI:1.001-1.201) and ρρ-DDT (OR=2.651, 95%C1:, 1.702-4.129) 
high exposure may increase the risk of cholesterol gallstone. 
3. (1) Multiple linear regression analysis showed that serum α-HCH and β-HCH 
exposure were associated with serum leptin levels, and with the increase of the 
concentration of these two levels, serum leptin level showed an increasing trend 
(P<0.1). (2) Using MDR assessment of gene-environment interactions, the results 
showed that leptin gene G2548A genotype AA - γ-HCH - p, p '-DDT - o' -DDT - P, P, 
p '- p' –DDE - o,p -DDE optimal six factor interaction model of "high risk" group was 
8.554 times the risk of cholesterol gallstone in the above-mentioned combination 
group of "low risk", the difference between two groups was statistically significant 
(P<0.001). (3) The logistic regression model was further used to assess the risk of 
gene-environment interactions on gallstones. The results showed that the risk of 
carrying AA genotype and serum high p, p'-DDE exposure was 2.645 times for 
patients with low exposure of p'-DDE and carrying GA / GG genotype. There was a 
statistically significant reciprocal interaction based on the multiplication model (P 
<0.01); The risk of exposure to AA genotype was higher than that of the control group 
(P<0.01). The risk of exposure to AA genotype was higher than that of GA / GG 
genotype (95% CI: 2.451 ~ 8.453). There was a significant negative correlation 
between the two groups (P<0.01), and there was a statistically significant negative 
interaction based on the multiplication model (P<0.01); Carrying AA genotype and 
high serum DDT exposure in patients with cholesterol gallstone risk is 4.552 times the 
low serum DDT expose and carrying GA/GG genotype, and here was a statistically 
significant negative interaction (P<0.01) based on the multiplicative model. 
Conclusions 
1. Leptin gene promoter region 2548 G>A polymorphism may affect the expression 
of leptin gene and the level of circulating leptin from transcriptional level, promote 
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the occurrence of cholesterol gallstone, so that AA genotype carriers are susceptible to 
cholesterol gallstone disease. 
2. Eight kinds of HCHs and DDTs homologues were detected in the serum of the 
case group and the control group, and the detection level was much higher than that of 
the developed countries, which indicated that there was still a high level of 
organochlorine pesticide residues in the Xiamen area.  
3. High levels of serum p, p'-DDT, β-HCH, and δ-HCH exposure may be important 
independent risk factors for cholesterol stones. 
4. Carrying the leptin gene G2548A locus AA homozygous mutation of high levels 
of OCPs exposure is high risk population of cholesterol gallstones, there is interaction 
between the multiplicative model can magnify the risk, should be paid more attention 
in cholesterol gallstone prevention programs. 
Keywords: Single Nucleotide Polymorphisms; cholesterol gallstone; interaction; LEP; 
organochlorine pesticides 
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缩 略 语 
缩写 英文名称 中文名称 
GS gallstone 胆囊结石 
PIS primary intrahepatic stone 原发性肝内胆管结石 
EBD extrahepatic bile duct stone 肝外胆管结石 
DDTs dichlorodiphenyltrichloroethanes 双对氯苯基三氯乙烷 
HCHs hexachlorocyclohexaaeisomers 六氯环己烷 
BHC benzene hexachloride 六氯环己烷 
OCPs organochlorine pesticides 有机氯农药 
POPs persistent organic pollutants 持久性有机污染物 
SSCP 
single-strand conformation 
polymorphism 
单链构象多态性 
SNP single nucleotide polymorphism 单核苷酸多态性 
MDR multifactor dimensionality reduction 多因子降维法 
CCK cholecystokinin 胆囊收缩素 
HRM high-resolution melting 高分辨率溶解曲线 
GC-ECD 
gaschromatography- 
electron capture detector 
气相色谱-电子捕获器检测仪 
RRF relative response factor 相对响应因子 
RERI relative excess risk of interaction 交互作用超额相对危险度 
AP attributable proportion of interaction 交互作用归因比 
S synergy index 效应指 
OR odds ratio 比值比 
95% CI 95% condidence interval 95%可信区间 
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